Stomach is considered the "gold standard" as an esophageal substitute after esophagectomy. Reflux disease is considered an unavoidable consequence of esophageal resection followed gastric interposition. Reflux esophagitis shows a progression from inflammation to erosions and to the development of columnar lined metaplasia. With the use of a gastric interposition, the most popular option to reconstruct the esophagus resected for malignant or benign conditions creates an in vivo model of reflux disease. Gastric interposition is far from ideal as an esophageal substitute. Reflux esophagitis and new columnar lined metaplasia should be seen as a new complication of subtotal esophagectomy.
Introduction
Stomach is considered the "gold standard" as an esophageal substitute after esophagectomy [1] . Although the whole organ can be used, the most suitable approach for reconstruction is the formation of a gastric tube by resection of the lesser curvature.
The substitute can be placed in the posterior mediastinum or in an extra-anatomical-most commonly retrosternal-position. Extra-anatomical esophageal reconstruction offers the advantage that a recurrent intrathoracic tumor mass will not invade the neo-esophagus [2] [3] . In addition, an extra-anatomical gastric interposition may also be used to bypass a corrosive esophageal injury.
Duodenogastric reflux (DGR) is a common sequel of gastric interposition and reflux symptoms adversely affect the quality of life of these patients. Furthermore, there is evidence that the duodenal contents are noxious and may, in the long term, cause mucosal changes both to the gastric conduit and the esophageal remnant [4] [5] .
A number of reports show that esophagectomy and esophageal reconstruction with a gastric transplant are associated with a significant deterioration of quality of life that persists during the follow-up period [6] [7] . The aim of this work is to review the factors affecting a successful reconstruction of the esophagus when using the stomach, and the effect of the reconstruction on the esophageal remnant.
Anatomical Consequences of Esophagectomy
Anatomically, esophagectomy removes most of the esophagus with the proximal part of the stomach. For oncologic purposes, a rim of hiatal muscle is usually resected and left in continuity with the esophagogastric junction for an en bloc resection in the presence of malignancy. Every defense mechanism against reflux is removed with the resection. Duodenogastric reflux is a common physiological sequel after esophagectomy with gastric conduit reconstruction [8] . Postprandial discomfort, bilious eructations, cervical burning and regurgitation, especially when in the supine position, are typical complaints these patients [9] . Reflux occurs principally because the normal antireflux mechanisms have been resected or disrupted. Further, the pressure gradient between the intraabdominal duodenum (positive pressure) and intra-thoracic stomach (negative pressure), promotes reflux [10] . The reconstruction then becomes a model of free duodenogastroesophageal reflux.
Esophageal Exposure to Acid and Duodenal Juice
Bilateral truncalvagotomy was the mainstay of treatment of duodenal ulcer disease, according to the principle of "no acid, no ulcer". The same procedure in relation to subtotal esophagectomy may dramatically impair acid secretion by the gastric transplant as an esophageal substitute at early follow-up as attested to by the reduction in both basal and peak acid outputs by 83% and 30%, respectively [11] . Theoretically, gastric tubulization should reduce the parietal cell mass, further reducing the acid secretion capacity. However, despite the gastric conduit being vagotomized, the denervated stomach has been shown to recover its acid secretion capacity with time.
Gutshow et al. [11] noted that early after vagotomy intraluminal acidity decreased in two-thirds of the patients, but the stomach recovered its normal pH profile with time. They show that the denervated stomach as an esophageal substitute recovers a normal intraluminal acidity with time, so that more than 3 years after surgery. Hashimoto et al. [12] also noted that gastric acidity did not decrease after esophagectomy and the postoperative acidity in the gastric tube was high in patients with high preoperative acidity. Yuasa [13] suggested that the simultaneous analysis of pH and biliopancreatic reflux is useful for determining the cause of the severity of the mucosal damage in the esophageal remnant. The gastric transplant recuperates its acid production with time. Most of patients with a gastric interposition have biliopancreatic exposure in their transplant, the vast majority of these patients probably suffer from a mixed refluxate damaging their esophageal remnant. Mixed reflux is more harmful than acid reflux alone, suggesting synergistic mechanism of injury by acid and duodenal contents [14] .
Mucosal Damage in the Esophageal Remnant
The severity of mucosal damage in the esophageal remnant may progress from reflux esophagitis to columnar-lined metaplasia. Reflux esophagitis is significantly higher when documented by biopsies. When selecting patients with no endoscopic evidence of mucosal damage, 54% of this subgroup presented with histologic abnormalities, usually basal cell hyperplasia and inflammatory infiltration of the mucosa. Thus the suggestion is strong that endoscopy and bipopsies are the most reliable methods to assess the esophageal remnant after a gastric transplant. Rakovich et al. [15] observed that even if no visual mucosal damage was evident, histological evidence of reflux insult could be documented in 75% of their patients. However, when endoscopic examination is used routinely after the operation, mucosal lesions are seen more often and they are usually more sever. The cervical esophagus is exposed to high amounts of acid despite the use of potent acid suppression therapy and the absence of sever symptoms. Esophageal columnar metaplasia is common complication after gastric pull up esophagectomy. The presence of abnormal bilirubin exposure was unrelated to the presence of esophageal columnar metaplasia but may be an important factor in the development of intestinal metaplasia.
Reflux Esophagitis
A gastric tube has been widely used for reconstruction of the esophagus after esophagectomy for esophageal cancer. Reflux esophagitis after esophagectomy is frequent observed. Skinner [16] showed that the incidence of esophagitis after esophagectomy was higher than 30% when the stomach was used as a substitute for the esophagus. Gutshow [11] showed that 38.5% of patients had reflux esophagitis in the remnant esophagus for three years or more after esophagectomy.
Using the Los Angels classification (Table 1) , Shibuya observed sever esophagitis (grade C or D) in 75% of their patients [17] . In another series of 48 patients, Yamamoto [18] found reflux esophagitis in 27 of their 48 patients (56.3%) and majority (70%) had a Los Angeles C or D damage.
Esophageal Motility
The esophageal remnant shows little or no contractile function early after operation. Poor peristalsis and slower propagation are observed later.
After esophagectomy, peristaltic waves of the residual esophagus were not observed in our experience. Mathew [19] examined motility in the esophageal remnant in the immediately postoperative period after esophagectomy. Peristalsis was absent in all patients studied during ventilation and sedation in the intensive care unit. Early post-operative esophageal motility after esophageal anastomosis varied somewhat with the length of residual esophagus. With short lengths of residual esophagus, no consistent motility pattern emerged. With longer lengths, early peristaltic activity was evident, but diminished over the first few post-operative days. Esophageal resection and anastomosis is associated with loss of peristalsis in the initial post-operative period.
Gastric Motility and Delayed Gastric Emptying
The gastric substitute can be made as a tube or can be kept as a whole. Motor function seems to recover better when reconstruction is made using the whole stomach: in this setting, a near normal fasting motility index is regained. The stomach used an esophageal substitute is a contractile organ, even though it is disconnected from the extrinsic innervations pathways after truncalvagotomy [20] . The denervated stomach as an esophageal substitute is a contractile organ that may even generate complete migrating motor complex. Motor recovery is better in the fasting than in the fed period, and it is more marked in whole stomach patients than in gastric tube patients.
Bilateral truncalvagotomy, on the other hand, disturbs the balance between the propulsive action of the gastric antrum and the resistance of the pylorus to the flow of contents from and to the duodenum [21] . This is further complicated by removing part of the lesser curvature. Truncalvagotomy is generally necessary while preparing the conduit and inevitably leads to diminished function. To create a tubularized stomach, extensive mobilization and dissection of the stomach must be carried out, which may also affect function. Gastric emptying is more often delayed than accelerated after esophagectomy, and the gastric transplant reacts poorly to food ingestion. When using the stomach as a transplant, the prevalence of gastric emptying problems varies from 15% to 30% [22] , and its occurrence is multifactorial. When clinically significant delayed emptying occurs, it is associated with increased morbidity [23] , and it is for this reason that the routine performance of a gastric emptying procedure is frequently adovocated. Table 1 . Incidence and severity of reflux esophagitis (according to the Los Angels classification).
Grade of esophagitis
No. of patients (n = 74) [17] No. of patients (n = 48) [18] 
Pyloric Drainage Procedure
The significance and value of adding a pyloroplasty or a pyloromyotomy at the end of the interposed stomach is still debated [24] . On one hand, it may facilitate gastric emptying, thus favoring a reduced exposure to reflux. In Yajima's study [25] , pyloroplasty was the only important risk factor according to univariate and multivariate analysis (relative risk 2.52; 95% confidence interval 1.29 -4.96; P = 0.007). Pyloroplasty can lead to bile reflux to the cervical remnant through the gastric tube in the long term, and thereby lead to reflux esophagitis in the cervical remnant. In fact, Urschel et al. [24] reported that pyloroplasty reduces the occurrence of early postoperative gastric outlet obstruction, but it has little effect on the patient's late outcome. On the other hand, pyloroplasty may also promote duodenal reflux and, in turn, facilitate the formation of the damaging refluxate containg pancreato-biliary secretions mixed with gastric acid secretions.
Level of Anastomosis (Left Cervical Anastomosis or Intrathoracic Anastomosis)
An anastomosis below the level of the aortic arch was thought to be "reflexogenic", while one at the supra-aortic level was less so [26] . The physiologic explanation for this is that with a lower anastomosis, more of the stomach is subject to positive intra-abdominal pressure, which promotes greater reflux [27] . In addition, the results of Kim's study [28] showed that the incidence of reflux esophagitis was significantly lower in the cervical anastomosis group. Cervical anastomosis have shorter proximal esophageal segments compared to the longer intrathoracic segments, which are subject to weakened propulsion. Pulling the stomach all the way up to the neck abolishes the effect of positive intaabdominal pressure squeezing the fluids upward. The presence of the anastomotic line in the neck does not expose it to the negative pressure that enhances the development of reflux. Therefore, a left cervical anastomosis favors less mucosal damage compared to an intrathoracic reconstruction. The incidence of reflux esophagitis in Shibuya's data [17] with a neck anastomosis (54.6%) was significantly lower than in the patients with an intrathoracic anastomosis (88.6%) ( Table 2 ). This finding was in agreement with those of previous reports. Demeester et al. [29] stated that it was generally accepted that an esophagogastric anastomosis at the level of the neck resulted in less postoperative esophagitis and stricture formation than one performed within the chest. Although gastric advancement is the best method of reconstruction after esophagectomy from the viewpoint of safety and ease, an intrathoracic stomach is a poor long-term substitute. Esophagogastrostomy, independently of its location in the chest or in the neck is a model of gastroesophageal reflux. Esophagus and stomach become a common cavity and over time histologic evidence of reflux lesions will affect the mucosa of the esophageal remnant. The cervical reconstruction may delay the appearance of visual mucosal lesions in the esophageal remnant. However, submucosal inflammation, mucosal-breaks and columnar lined metaplasia will eventually appear in a high proportion of patients.
Skinner [15] showed that stomach should not be used for reconstruction in patients with benign disease because of the high incidence of late esophagitis due to reflux and the risk of serious aspiration pneumonia. In addition, Demeester and collegues [29] also suggested that in patients with benign disease a colon interposition is usually preferred to obviate the late problems associated with a cervical esophagogastorostomy because patients undergoing a cervical esophagogastrostomy for benign disease may develop problems associated with the anastomosis during the fourth or fifth postoperative year, whereas this is less likely to develop in patients who have had a colon interposition.
For that reason, gastric advancement might be avoided for reconstruction after esophagectomy in these patients who are expected to survive long or who have benign disease, if possible. Therefore, I recommend a colon interposition for reconstruction after esophagectomy in these patients. The advantage of this reconstruction are it provides a good length of graft, and it allows a tube of a good diameter. The use of a colonic interposition Table 2 . Incidence of reflux esophagitis with neck and intrathoracic anastomosis [17] .
Reflux esophagitis (+)
Reflux esophagitis (−) reduces the incidence of reflux esophagitis and stricture associated with esophagectomy. A previous report [30] showed that colon interposition with preservation of the stomach was superior to gastric pull-up for an esophageal substitute in quality of life. Udagawa et al. [31] also demonstrated that colon interposition as an esophageal substitute reduced the occurrence rate of anastomotic leakage and conduit necrosis to very low levels. However, this procedure is less safe and less easy to perform than gastric advancement.
Route of Reconstruction (Posterior Mediastinum and Retrosternal Position)
Despite the disruption of normal antireflux mechanism, the route of reconstruction may affect the esophageal exposure to gastric and duodenal content. Katsoulis [32] used 24 hour ambulatory bilirubin monitoring in patients following a transhiatal subtotal esophagectomy, and a gastric tube interposition placed either in the posterior mediastinum or in the retrosternal position. Posterior mediastinal gastric interposition is associated with high reflux of duodenal contents, whereas retrosternal interposition minimizes the reflux at levels even lower than those of the healthy individuals. The latter type of reconstruction may be a good alternative from that perspective, especially in patients with long life expectancy. In Wang's study [33] , patients in posterior mediastinum group complained more DGR than retrosternal group after operation. Moreover, this difference became more and more evidently during the follow-up, especially after the 12 th week. The posterior mediastinum route theoretically has the disadvantage of the compression on the lung by the dilatation of the stomach with air and or digestive solution to increase the possibility of pulmonary implications. In their study, the patients in posterior mediastinum group complained more dyspnoea problem after operation, especially in later period (12 weeks after operation). C H Park et al. [34] established a method to observe and measure DGR inside the intrathoracic stomach as an esophageal substitute by devising the flow visualization model. They have demonstrated that the degree of DGR was significantly higher in the intrathoracic stomach located in posterior mediastinum being performed in the fluid mechanism. Thus, it is suggested that retrosternal route may be better choice for the patients with poor respiratory function. Therefore, the reconstruction of retrosternal route may be suitable for the patients with long life expectancy.
Conclusions
Esophagogastrostomy, independently of its location in the chest or in the neck is a model of gastroesophageal reflux. Esophagus and stomach become a common cavity and over time histologic evidence of reflux lesions will affect the mucosa of the esophageal remnant. The cervical reconstruction may delay the appearance of visual mucosal lesions in the esophageal remnant. Posterior mediastinal gastric interposition is associated with high reflux of duodenal contents, whereas retrosternal interposition minimizes the reflux at levels even lower than those of the healthy individuals. However, submucosal inflammation, mucosal-breaks, and columnar lined metaplasia will eventually appear in a high proportion of patients.
With the use of a gastric interposition, the most popular option to reconstruct the esophagus resected for malignant or benign conditions creates an in vivo model of reflux disease. Gastric interposition is far from ideal as an esophageal substitute. Reflux esophagitis and new columnar lined metaplasia should be seen as a new complication of subtotal esophagectomy.
